The reliability of electrolyte determinations with the Ektachem 700 was evaluated by various means including the use of reference method values. The influence of protein concentration, which may alter the viscosity and hence the speed of diffusion, was systematically investigated by using samples of varying protein concentration obtained by ultracentrifugation.
In the new concept of quality assessment in the clinical laboratory (1) the evaluation of accuracy has to be performed -if possible -by comparison of the result with the reference method value. Reference method values were used to determine whether the KODAK Ektachem system meets the requirements for accuracy, or whether the results deviate, due to e. g. the matrix of the control sera.
Materials and Methods

Methods
Calcium
1. Ektachem slide (KODAK, Stuttgart, F.R.G.). A spreading layer, dye-mordant layer, buffer layer, and base layer are held on a polyester film support. After application of the serum sample to the slide, the bound calcium is dissociated from binding proteins and migrates into the dye-mordant layer. The indicator dye, arsenazo III, forms a complex with the calcium, which causes a shift in its absorption maximum. Measurement is performed at 680 nm with reflected light.
2. Flame atomic absorption spectrometry. A flame atomic absorption spectrometer model 3030 Perkin-Elmer (Bodenseewerk Perkin-Elmer, Überlingen, F. R. G.) was used and operated at 422.7 nm in the double beam mode. Lanthanum chloride (LaCl 3 • 7 H 2 O) solution was added to the samples to prevent interference by phosphate.
3. Absorption spectrometry. In the comparative study with native sera, calcium determinations were performed by S -(Sequential Multiple Analysis plus Computer, Technicon, Bad Vilbel, F. R. G.). Protein-bound calcium is dissociated by hydrochloric acid and forms a complex with cresolphthalein complexone. Magnesium is bound by 8-hydroxyquinoline. Chloride 1. Ektachem slide (KODAK, Stuttgart, F.R.G.). Ion-selective electrodes are used for potentiometric measurement of ionic chloride. The chloride ions in the reference and sample fluid migrate to the silver/silver chloride layers and affect the equilibrium between free chloride and chloride bound to silver ions.
2. Absorption spectrometry. In the comparative study with native sera, chloride was determined by SMA-C (Technicon, Bad Vilbel, F. R. G.). Chloride ions displace thiocyanate from mercuric thiocyanate. Liberated thiocyanate ions react with ferric ions from ferric nitrate to form the red coloured ferric thiocyanate. A 3. Coulometry. In the studies on the influence of protein, chloride was determined by coulometry (Chloridmeter 6610, Eppendorf, Hamburg, F. R. G.).
Magnesium
1. Ektachem slide (KODAK, Stuttgart, F. R.G.). A spreading layer, three reagent layers and a basis layer are fixed on the film support. Magnesium is dissociated from binding proteins and reacts with the indicator dye 5-bis(2-hydroxy-3,5-dichlorphenyl)-3-cyanoformazan (wavelength: 630 nm). Calcium is bound to a chelating agent to prevent interference.
2. Flame atomic absorption spectrometry. Magnesium determinations were performed using a flame atomic absorption spectrometer model 3030 Perkin-Elmer (Bodenseewerk PerkinElmer, Überlingen, F. R. G.) operated at 285.2 nm in the double beam mode. Lanthanum chloride (LaCls · 7 H 2 0) solution was added to the samples to prevent interference by phosphate.
Phosphate, inorganic
1. Ektachem slide (KODAK, Stuttgart, F.R.G.). A spreading layer, reducing layer, and a molybdate layer are held on a film support. After application, the sample is distributed evenly in the spreading layer. Phosphorus forms a complex with ammonium molybdate, which is reduced by /7-methylaminophenol sulphate (wavelength: 680 nm).
2. Absorption spectrometry. a) The native sera of the comparative study were analysed by SMA-C (Technicon, Bad Vilbel, R R. G.) by reaction of the dialysed sample with ammonium molybdate (without reducing agent). b) Phosphate determinations with the Hitachi 704 (Boehringer Mannheim, Mannheim, F.R.G.) were performed kinetically by use of a modified molybdatophosphate reaction (12) . Potassium 1. Ektachem slide (KODAK, Stuttgart, F.R.G.). Ion-selective electrodes are used for potentiometric measurement of ionic potassium. The ion-selective membrane is composed of valinomycin dissolved in a polymer mixture.
2. Ion-selective electrode ("indirect" potentiometry). After predilution of the sample, potassium was determined with an ionselective electrode (SMA-C, Technicon, Bad Vilbel, F. R. G.).
Sodium
1. Ektachem slide (KODAK, Stuttgart, F. R.G.). Sodium is determined potentiometrically with ion-selective electrodes. The ion-selective membrane contains a sodium ionophore, methyl monensin dissolved in a carrier solvent, and a polymeric binder.
2. Ion-selective electrode ("indirect" potentiometry). See Potassium.
Calibration
For all analytes, the Ektachem 700 was calibrated according to the recommendations of the manufacturer. For the determination of chloride, potassium and sodium, the reference solution GEN OO was used.
Sample preparation
Samples containing different amounts of protein were prepared as follows. A homogeneous serum pool (100 ml) was obtained by thoroughly mixing sera from 50 healthy blood donors, using a stirrer and a magnetic rod. It was adjusted to pH 7.4 by addition of glacial acetic acid p. a. (Merck, Darmstadt, F. R. G.). Pool serum (8 ml) was pipetted into each of 10 polycarbonate ultracentrifuge tubes (Beckman, München, F. R. G.). The samples were centrifuged in a Beckman ultracentrifuge L8-80M (Beckman, München, F. R. G.) at 106 000 g for 24 h at 24 °C.
The sample with the highest protein concentration was obtained by removing the protein-free supernatant completely; samples with lower protein content were obtained by only partly discarding the supernatant; a low protein content was obtained by addition of supernatant to the original serum pool. All prepared samples were thoroughly homogenized. A second serum pool (100 ml), obtained by mixing sera from 50 patients suffering from gammopathies, was treated similarly. 
Results
Electrolytes
Calcium
The imprecision between days was smaller than the allowable relative standard deviation (1) 
Chloride
Although the requirements of the guidelines for precision are rather stringent, they were met by the Ektachem 700 (tab. 1). Accuracy was much better than that reported in a previous study with the Ektachem DT 60 (2) (tab. 4). The mean bias was -0.1 % and all results were within the limits of ±6% (1). With respect to native sera, the results with the Ektachem were in acceptable agreement with those from the comparative method, even though the mean values differed significantly by 1.4 mmol/1 (-1.3%) (tab. 3). From measurements with native sera (figs. 3 & 4) and from experiments with centrifuged sera (1. c. (2)) it is evident that the chloride values with the Ektachem are higher than those obtained by coulometry at high protein concentrations. At low protein concentrations, the chloride results with the Ektachem were lower than those obtained by coulometry. This is to be expected, when measurements are performed by "direct" ion-selective electrodes, which are calibrated by sera with a "normal" protein concentration. At 33 g/l protein, the Ektachem results were 3.2% lower and at 120 g/l protein 10.9% higher than the results by coulometry. Paraproteinaemic sera did not appear to behave differently from sera with "normal" protein composition, but this is not conclusive, because a "direct" ion-selective electrode was not available for comparison. 
Magnesium
Imprecision was almost half of the requirements of the guidelines (1). Mean deviation from the reference method values was -5.0% (tab. 5), but the maximal deviation was always less than ±12% (1). A systematic (proportional) error was not evident, when native sera were analysed (tab. 3). An influence of protein on the magnesium results was not observed. At high and low concentrations of "normal" proteins and of paraproteins, there was good agreement between the results with the Ektachem and by flame atomic absorption spectrometry (figs. 5&6). 
Phosphate, inorganic
Precision was obviously good. As a reference method
is not yet available, accuracy control was performed by comparing the Ektachem results with methoddependent assigned values. The mean deviation was + 7.9% (range -7.6 to +27.2%) (tab. 6). Four out of 11 results did not fulfill the requirements of the guidelines (+15%). In a comparative study with native sera a positive bias was also observed (tab. 3), which was less marked ( + 2.5%) but statistically significant. From the analysis of ultracentrifuged sera ( fig. 7 ) and of native sera ( fig. 8 ) of "normal" protein composition and from patients with gammopathies (not shown), it is evident that the Ektachem results are dependent on the protein concentration. At 120 g/1 protein ("normal" composition) the Ektachem results were 13.6% higher than those from the comparative method (SMA-C).
Potassium
The imprecision (tab. 1) was smaller than the allowable relative standard deviation (1). The results agreed well with the reference method values (mean deviation: + 1.2% (tab. 7)). At low concentrations, the results were higher, at high concentrations lower than the reference method value but never exceeding + 8% (1). In a comparative study, no significant difference was observed between Ektachem and a field method for patient sera (tab. 3). From the analysis of ultracentrifuged sera (2) and native sera of "normal" pro- 3 ) Reference method value as determined by the reference method (1. c. (9)).
') Deviation of the value obtained by Ektachem from the reference method value in %. tein composition ( fig. 9 ), it can be concluded that the Ektachem results for potassium are similar to the results obtained by flame atomic emission spectrometry and "indirect" potentiometry at high protein concentrations. In samples from patients with multiple myeloma, the Ektachem results are higher (+5% at 120 g/1 protein) and approach the values given by ion-selective electrodes (without predilution of the sample) ( fig. 10 ).
Sodium
The imprecision (tab. 1) was well within the stringent limits of the guidelines (<2.0%) (1). (+1.2%) higher than the results from the comparative field method (tab. 3). Analyses of ultracentrifuged sera (2) and of sera of "normal" protein composition ( fig. 11) show that the Ektachem results have a negative bias, compared with flame atomic emission spectrometry measurements and "indirect" potentiometry ( -3.0%). With paraproteins, a positive bias ( + 6.9% at 120 g/1 protein) was obtained with ultracentrifuged sera, as well as with native sera (fig. 12 ).
Discussion
Calcium
The precision of the calcium determination was satisfactory with respect to the 3.3% limit of the guidelines (1). In accuracy control by reference method values a systematic negative bias was obvious, which may be due to interfering compounds of the matrix of the control sera. In the comparative study with native sera a negative bias was not observed.
Chloride
Chloride values with the Ektachem are dependent on the protein concentration of the sample. Due to the calibration procedure, good agreement is observed at "normal" protein concentrations with the field methods used to determine chloride in (total) serum; at high protein concentrations the Ektachem ion-selective electrode values are higher. These differences are to be expected when determinations in serum water (Ektachem) are compared to determinations in total serum, which are dependent on the size of the macromolecules containing compartments devoid of electrolytes. "Normal" proteins and "paraproteins" did not behave in an obviously different manner in these experiments, which must be confirmed by using another "direct" ion-selective electrode analyzer. The low coefficient of correlation is due to the small range of contributing values.
Magnesium
All results obtained for control sera showed a negative bias with respect to the reference method value. This bias was also present in a comparative study with native sera. Probably the calibrator value must be reevaluated.
Phosphate, inorganic
Accuracy control is hampered by the lack of reference method values as well as adequate method-dependent assigned values for Ektachem. Nevertheless, a positive bias was found when the results were compared with the mean of the target values of control sera for field methods, and in a comparative study with native sera. Irrespective of the method used for comparison, the Ektachem phosphate values were clearly influenced by the protein concentration. 
Potassium
Accuracy was adequate, even though at low concentrations there was a positive bias with respect to the reference method value and a negative bias at high concentrations. These characteristics were also observed, when reference method values were compared with values obtained by field methods of flame atomic emission spectrometry (3) . The bias may be due to a slight unlinearity associated with the one-point calibration. The reason for the different response of the Ektachem to high "normal" and "paraproteinaemic" protein concentrations is unknown.
Sodium
Two out of nine reference method values were missed grossly by the Ektachem, a phenomenon sometimes encountered with ion-selective electrodes, due to interference by the matrix of the control serum. The influence of the protein concentration was similar to that observed for potassium analysis (2), and should be obviated by using another reference solution, GEN 04 (4), which was not available at the time. The coefficient of correlation is low, due to the narrow range of contributing values.
Ultracentrifugation seems to be suitable for preparing samples for the study of the influence of protein concentration. The results were always in good agreement with those for native sera of different protein concentration, but they were more conclusive, because the protein concentration could be determined over a wider range and the concentration of the pertinent analyte was less variable than in native sera. Results obtained with the Ektachem using hyperproteinaemic samples may deviate from those obtained with the other methods due to an increase in viscosity, which might change the time course of the Ektachem measurements. In accuracy control, similar results were usually obtained for native sera and control sera. This may be an indicator of the robustness of the Ektachem methods and their low susceptibility to interfering compounds. It enables the quality assessment of these carrier-bound reagents according to the new concept (11) .
